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Interest in exploring metal ion complexes with macrocyclic ligands has been continuously increasing owing to the recognition of their role played by these structures in metalloproteines and Schiff base macrocyclic chemistry. They were among the first artificial metal macrocyclic complexes to be synthesized. The metal complexes containing synthetic macrocyclic ligands have attracted a great deal of attention because they can be used as models for more intricate biological macrocyclic systems; e.g. metalloporphyrins. These discoveries have created supramolecular chemistry and its enormous diversity /5-7/. Macrocyclic ligands have been shown to form very stable complexes with alkali and alkaline earth metal cations. These complexes can be used as model for investigation of ion transport through membranes in biological systems.
Saturated macrocycles with different number of rings have been synthesized and interesting information concerning both the stabilities and structure of their metal complexes has been reported. Macrocyclic ionophores can also bind anion and small neutral organic molecules /8/. The initial design of macrocycles focussed on the simple ether and amine donors that were essential for efficient substrate binding. The coordination chemistry of lead (II) with macrocyclic ligands has been investigated in the past decade, although not extensively. The coordination chemistry of macrocycles attracted the attention of many inorganic chemists. In this paper, we report the synthesis, characterization and biological activity of lead complexes derived from the template condensation of benzildihydrazone and dicarboxylic acids.
EXPERIMENTAL
Malonic acid, succinic acid, glutaric acid and adipic acid (Fluka) were used as received without further purification. The lead salts, PbCI 2 and Pb(N0 3 ) 2 .3H 2 0 were used as such. All the solvents used were of high purity and distilled in the laboratory before use. Moisture was excluded from the glass apparatus using CaCl 2 guard tubes.
Synthesis of Benzildihydrazone
Benzildihydrazone (m.pt 172°C) was prepared by the literature method 191 by mixing benzil and hydrazine hydrate.
Synthesis of the Complexes
The reaction was carried out in a 1:2:2 molar ratio. A weighed amount of benzildihydrazone (0.334g) was dissolved in methanol (25ml) in a 100ml round bottom flask. This was followed by the addition of methanolic solution of malonic (0.579g), succinic (0.55 lg), glutaric (0.523g) or adipic acid (0.512g). The reaction vessel was stirred continuously for 5h, after which methanolic solution of PbCl 2 (0.493g) or Pb(N0 3 ) 2 .3H 2 0 (0.423g) was added. The reaction vessel was again stirred continuously for 10h. The coloured solids were separated and dried in vacuum. Their physical properties and analytical data are recorded in Table 1 . 
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Main Group Metal Chemistry
Physical Measurements
The molecular weights were determined by the Rast Camphor method. Conductivity measurements in dry dimethylformamide were performed with a conductivity bridge type 305. Infrared spectra were recorded on a Perkin -Elmer 577 grating spectrophotometer in KBr pellets. 'H NMR and 13 C NMR spectra were recorded on a JEOL AL 300 FT NMR using TMS as the internal standard. Nitrogen and chlorine were estimated by Kjeldahl's and Volhard's method, respectively. Lead was estimated gravimetrically as lead oxide. Carbon and hydrogen analyses were performed at Central Drugs Research Institute (CDRI) Lucknow. The physical properties and analytical data of the metal complexes are also listed in Table 1 .
RESULTS AND DISCUSSION
All the complexes are coloured solids. They are slightly soluble in cold methanol and benzene but fully 
IR Spectra
The IR spectra of the complexes do not show any band corresponding to amino group in benzildihydrazone and hydroxide protons in dicarboxylic acid /10,11/. This clearly indicates that cyclization has taken place. The presence of a strong absorption band in the region 1594-1635 cm" 1 corresponds to the v(C=N) group /12,13/ ( Table 2 ). In addition, four amide bands were also observed in the regions of 1655-1702, 1503-1582, 1253-1281and 628-683 cm" 1 , assigned to amide I, amide II, amide III, and amide IV vibrations respectively, similar to those reported for other tetraazamacrocyclic complexes.In the spectra of the complexes v(N-N) band was observed at a higher frequency in the IR spectra, at 829-910 cm" 1 region.
The v(N-H) group appears in the region 3215-3218 cm" 1 and remains unchanged, which clearly shows that it is not participating in the coordination /14/. The band in the region 415-449 cm"'in the spectra of the complexes may be assigned to the Pb-N stretching vibration /15/ ( 'HNMR Spectra 'HNMR spectra of the complexes showed that the proton resonance signals due to -NH 2 and OH groups were absent in the respective metal complexes, suggesting that the proposed macrocyclic skeleton was formed through a condensation reaction ( 
C NMR
In the 13 C NMR spectra of the complexes, considerable shifts in the positions of carbon atoms adjacent to the atoms involved in the complex formation clearly indicate the bonding of metal to the nitrogen atom of amino group. Spectral data are given in Table 4 . 
Antibacterial Activity
The activity against bacteria was evaluated by the paper disc plate method. For this purpose, pure cultures of the organism were dissolved in peptone: water(l:l) and then uniformly seeded on the nutrient agar plates having the composition peptone 5g, beef extract 5g, NaCl 5g, agar-agar 20g and distilled water 1000ml. The compounds were dissolved in 500 and 1000 ppm concentrations. Paper discs of Whatman No.l with a diameter of 5mm were soaked in these solutions. These discs were placed on the medium previously seeded with the organisms in Petri dishes at suitable distances. The Petri dishes were stored in an incubator at 30±2°C for 24 hours. The zone of inhibition that formed around each disc containing the test compound was measured accurately in mm. The organisms used in the present investigations included Staphylococcus aureus and Escherichia coli.
Mode of Action
Chelation theory /18/ accounts for the increased activity of the metal complexes. Chelation reduces the polarity of the metal atom, because of partial sharing of its positive charge with the donor groups and possible π electron derealization within the chelate ring. The chelation increases the lipophilic nature of the central atom, which subsequently favours its permeation through the lipid layer of the cell membrane. The results of fungicidal and bactericidal screening of the metal complexes against some pathogenic fungi and bacteria are recorded in Tables 5 and 6 . The results show that activity of the complexes was enhanced amongst themselves on undergoing chelation but these complexes are less active than their respective metal salts. It is a well known fact that the concentration plays a vital role in increasing the degree of inhibition.
The activity was better as compared to the bacterial activity. 
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Antifertility Activity
The antifertility activity in male rats was carried out using 90 adult male swiss albino rats (Rattus norvegicus) weighing 180-200 g. The animals were randomly divided into nine groups of 10 animals each.
Throughout the experiment they were kept in standard conditions (12h light/12h dark, 26 ± 2°C), fed a standard diet and provided water ad libitum. After completion of the respective treatment each male was mated with two proestrous females for fertility test and the number of litters was recorded. These females were used only for mating with those treated male rats and were also kept in standard conditions. Group A was used as a control and each animal of this group received 0.5ml olive oil per day orally. The complexes were suspended in olive oil separately and were given at a dose level of 2mg/kg body weight per day for 90 days. 24 hrs after the last dosing the animals were sacrificed, autopsied and the reproductive tract was dissected out. The sperm motility and density in cauda epididymis and testes were measured within a few seconds after sacrification of the animals. Table 7 Effects The results reported in Table 7 reveal that there is a significant decrease (P<0.01) in the sperm motility from 82.54 ± 4.6 to 33.0 ± 4.2 in animals treated with the complexes. The sperm density also decreased (P<0.001) from 4.2 ± 0.36 to 0.9 ± 0.16 in testes and from 59.08 ± 4.9 to 30.0 ± 3.0 in cauda epididymis. The fertility test fluctuates between 80% negative to 95% negative. Thus it can be postulated that the chelation through complexes induces anti-spermatogenic activity. The present study suggests that the complexes [Pb(Mac 4 )Cl 2 ] for PbCl 2 and [Pb(Mac 4 )(N0 3 )2] for Pb(N0 3 ) 2 are effective fertility inhibitors in male rats.
CONCLUSIONS
